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Background: Waist circumference (WC) is used to indirectly measure abdominal adipose tissue and the associated
risk of type 2 diabetes mellitus (T2DM) and cardiovascular disease (CVD). Because of its easy implementation and
low cost, self-measured WC is commonly used as a screening tool. However, discrepancies between self-measured
and objectively measured WC may result in misclassification of individuals when using established cut-off values.
The aim of this study was to determine the accuracy of self-measured WC in adults at risk of T2DM and/or CVD,
and to determine the anthropometric, demographic and behavioural characteristics associated with bias in
self-measured WC.
Methods: Self-measured and objectively measured WC was obtained from 622 participants (58.4% female; mean
age 43.4 ± 5.3 years) in the Hoorn Prevention Study. The associations of gender, age, educational level, body mass
index, smoking status, dietary habits, physical activity and sedentary behaviour with the discrepancies between
self-measured and objectively measured WC were analysed using independents t-test and one-way ANOVA.
Bland-Altman plots were used to plot the agreement between the two measures.
Results: On average, self-measured WC was overestimated by 5.98 ± 4.82 cm (P < 0.001). Overestimation was
consistent across all subgroups, but was more pronounced in those who were younger and those with lower
educational attainment.
Conclusions: The results support self-measured WC as a useful tool for large-scale populations and epidemiological
studies when objective measurement is not feasible, but overestimation should be taken into account when
screening adults at risk of T2DM and/or CVD.
Keywords: Anthropometric measurements, Waist circumference, Screening, Obesity, Type 2 diabetes mellitus,
Cardiovascular disease, Population studies, PreventionBackground
Abdominal adipose tissue, in particular visceral adipose
tissue, is associated with increased risk of developing
chronic diseases such as type 2 diabetes mellitus (T2DM)
and cardiovascular disease (CVD), independently of
whole body adiposity [1-5]. Because of its simplicity, cost-
effectiveness and non-invasive characteristics, the waist
circumference (WC) measure is the most common choice
in clinical settings to estimate visceral adipose tissue.* Correspondence: j.lakerveld@vumc.nl
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article, unless otherwise stated.Despite being an indirect anthropometric measure, WC
is also widely used to categorise populations at risk of
T2DM and CVD in epidemiological studies [1,3-5]. WC
has been shown to be more sensitive than body mass
index (BMI) for identifying T2DM and CVD risk, as BMI
has shown to be less able to differentiate than WC be-
tween adipose tissue and lean mass [6-8]. As an initial
screening tool, WC is able to identify individuals that may
need further assessment, and thus can assist in prioritising
and targeting health actions in specific populations [7,9].
In epidemiological studies and health promotion pro-
grammes, self-measured WC is often applied by provid-
ing individuals with a measuring tape and a recordingCentral Ltd. This is an Open Access article distributed under the terms of the
/creativecommons.org/licenses/by/4.0), which permits unrestricted use,
, provided the original work is properly credited. The Creative Commons Public
mons.org/publicdomain/zero/1.0/) applies to the data made available in this
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the accuracy of self-measured WC is less well estab-
lished [10-18]. Furthermore, contradictory results have
raised doubts about the validity of self-measured WC
[10,12,14-19]. As self-measured WC is widely used in
large-scale epidemiological studies as a primary screen-
ing tool, an overestimation of WC may unnecessarily in-
crease the demand on healthcare systems, whereas an
underestimation may lead to misclassification of candi-
dates for preventive or treatment programmes [1]. It is
therefore important to gain a better understanding of
the accuracy of self-measured WC, and the characteris-
tics associated with discrepancies between self-measured
and objectively measured WC.
To date, the validity of self-measured WC has not
been established for populations that are explicitly char-
acterised by their increased estimated risk of developing
T2DM and CVD. Moreover, to our knowledge, no study
has explored which individual-level characteristics, such
as dietary behaviour, physical activity and sedentary be-
haviours, relate to bias in self-measured WC. The aim of
this study was to assess the accuracy of self-measured
WC in adults at risk of T2DM and/or CVD, and to ex-
plore which anthropometric, demographic and behav-




The study was approved by the Medical Ethics Commit-
tee of the VU University Medical Center in Amsterdam,
and all participants provided written informed consent.
For this validation study, data was used of the Hoorn
Prevention Study, described in detail elsewhere [20-22].
In brief, the Hoorn Prevention Study is a randomised
control trial aiming to investigate the effects of a theory-
based lifestyle intervention on targeting the estimated
risk of developing T2DM and CVD mortality in adults
at risk.
For this validation study, the study population (n =
8,193, age 30 to 50 years) received an invitation package
that included a tape measure and instructions for self-
measurement of their WC. Of the 3,587 respondents
(43.8%), 921 were invited for further screening because
their self-reported WC exceeded the pre-set cut-off score
of self-measured WC (≥101 cm for men and ≥87 cm for
women). Of this sample, 772 individuals gave written in-
formed consent and visited the research centre for object-
ive measurements. The 9-year risk of developing T2DM
risk was calculated for all 772 participants according to
the procedure described in the diabetes risk formula of
the Atherosclerosis Risk In Communities (ARIC) Study
[23], and the 10-year risk of a fatal CVD was estimated
using the Systematic Coronary Risk Evaluation (SCORE)project [24]. After this step, another 150 people were ex-
cluded (140 had a risk lower than 10% in both scores, and
10 had undiagnosed T2DM). The final study population
comprised 622 participants.
Data collection
For the purpose of the current study, anthropometric,
demographic and behavioural characteristics were ex-
tracted from self-reported questionnaires. The object-
ively measured anthropometric data were recorded in
the research centre.
Anthropometric characteristics
Self-measured waist circumference was obtained from a
form that was mailed to all participants together with a
measuring tape and detailed instructions. These instruc-
tions specified that the circumference of the (bare) belly
should be measured just above the navel, as indicated
in a silhouette picture that was displayed next to the
instructions.
Objectively measured waist circumference was obtained
by trained medical research assistants. This was done lo-
cating the tape measure midway between the lowest rib
margin and the iliac crest. Two measurements rounded to
the nearest 0.5 cm were recorded; if the differences be-
tween the measurements was greater than 1 cm, a third
measurement was performed, and the mean of the two
closest measurements was calculated.
Weight was measured rounding to the nearest 0.5 kg
and height was measured rounding to the nearest 0.1 cm
(when wearing light clothes and no shoes). BMI was cal-
culated as weight divided by height squared, and was
stratified for the analysis into three categories: normal,
overweight and obese, also according to the WHO guide-
lines [25].
Demographic characteristics
Age, gender and level of education were obtained from
the forms filled out by the participants. Age groups (youn-
ger and older) were set by dividing the whole sample into
two equally sized groups. Level of education was defined
as ‘primary or lower’, ‘secondary’ or ‘college/university’.
Behavioural characteristics
Dietary behaviour: Participants were divided into those
who met the national recommendation of at least two
pieces of fruit and 200 g of vegetable intake per day or not
[26], using an eight-item food frequency questionnaire.
Smoking behaviour was determined using the WHO
guideline for smoking status (smoke every day/occasion-
ally/never smoke) [27]. However, for the purpose of this
study, we grouped the ‘smoke every day’ and ‘smoke oc-
casionally’ groups into one.
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Questionnaire to Assess Health Enhancing Physical Activ-
ity (SQUASH), which enables a relative valid estimation of
physical activity level in adults [28]. Participants were di-
vided into those who met the national recommendation
for physical activity of more than 30 minutes of moderate-
intensity physical activity (for example, brisk walking) at
least 5 days/week, or not.
Sedentary behaviour was assessed using a sub-scale of
the Activity Questionnaire for Adolescents and Adults
(AQuAA) [29]. We classified participants as sedentary
when sedentary time, defined as activities with energy
expenditure of under 2 Metabolic Equivalent of TaskTable 1 Mean (SD) self-measured waist circumference and ob
differences (95% CI) stratified by anthropometric, demograph
Categories n SMWC OMWC
Mean SD Mean
Overall 617 102.6 10.1 96.6
Agec
Younger 309 103.9 10.6 97.4
Older 308 101.3 9.4 95.8
Education
Primary 201 103.5 11.2 96.9
Secondary 285 102.7 9.8 96.8
College 128 100.8 8.7 95.6
Body mass indexd
Normal 84 93.7 6.1 87.3
Overweight 333 100.3 7.6 94.5
Obese 200 110.1 10.3 104.0
Dietary behavioure
Yes 47 99.3 9.1 94.1
No 531 102.7 10.1 96.7
Smoking behaviourf
Yes 126 104.3 11.5 97.9
No 487 102.1 9.7 96.2
Physical activityg
Yes 383 101.8 9.8 96.1
No 230 103.8 10.6 97.4
Sedentary behaviourh
Yes 542 102.8 10.1 96.8
No 69 100.4 10.0 94.5
Abbreviations: OMWC, objectively measured waist circumference; SMWC, self-measu
aDifference calculated as self-measured minus objectively WC values, note that neg
bSignificant differences (P < 0.05).
cAge groups: younger ≤44.07 years and older >44.07 years.
dBody mass index: normal <25.0 kg/m2, overweight ≥25.0 to <29.9 kg/m2, obese ≥3
eDiet: Yes: meeting recommendations of at least two pieces of fruit and 200 g of ve
fSmoking behaviour: Yes: current smoker: No: not current smoker.
gPhysical activity: Yes: meeting the national recommendations of being physically a
these recommendations.
hSedentary Behaviour: Yes: sedentary (≥2 hours per day activities with an energy ex(1 MET = 3.5 ml O2 · kg
−1 · min−1 ) during leisure time
exceeded 2 hours per day [30].Statistical analysis
The strength of the relationship between self-measured
and objectively measured WC was investigated using the
Pearson correlation coefficient. The agreement between
the measurements was plotted using Bland-Altman plots
[31,32], with the difference between the two measure-
ments plotted against the mean of the two measurements.
Limits of agreement were calculated as the mean diffe-
rence ±1.96 standard deviations (SD).jectively measured waist circumference and their mean
ic and behavioural characteristics
SMWC- OMWC mean (95% CI)a P-valueb
SD Mean Low High
9.7 6.0 6.4 5.6 <0.01b
9.8 6.4 6.9 5.9 0.02b
9.6 5.5 6.1 5.0
11.1 6.6 7.3 5.9 0.03b
9.3 5.9 6.5 5.4
8.2 5.2 6.0 4.4
6.0 6.4 7.5 5.3 0.56
7.3 5.8 6.3 5.3
9.4 6.1 6.8 5.4
9.1 5.2 6.6 3.8 0.23
9.7 6.1 6.5 5.7
10.7 6.4 7.1 5.6 0.33
9.4 5.9 6.3 5.5
9.4 5.8 6.3 5.3 0.26
10.3 6.4 7.0 5.8
9.8 6.0 6.4 5.6 0.74
9.0 5.8 6.9 4.7
red waist circumference.
ative and positive values indicates under and over -estimation, respectively.
0.0 kg/m2.
getables intake per day; No: not meeting these recommendations.
ctive (≥30 minutes moderate-intensity physical activity), No: not meeting
penditure of under 2 METs); No: not meeting these recommendations.
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objectively measured and self-measured WC, indepen-
dent t–tests were carried out to assess the statistically
significant difference within subgroups divided by age,
gender, dietary behaviour, smoking behaviour, physical
activity and sedentary behaviour. Furthermore, one-way
ANOVA was used to determine the association of the
mean difference between self-measured and objectively
measured WC with BMI and level of education categories.
All analyses were performed using IBM-SPSS Statistics for
Windows, version 20.0.
Results
Objectively measured WC was obtained for all parti-
cipants, but self-measured WC was missing for five in-
dividuals. Table 1 shows the mean values of objectively
measured and self-measured WC and the mean diffe-
rences between these two measures. Although a strong
correlation was found between objectively and self-
measured WC (r = 0.87, n = 617, P < 0.001), 90.6% of
the participants overestimated their WC by a mean of
5.98 cm ± 4.82 (P < 0.001). Figure 1 depicts the extent
of misreporting of WC (Bland-Altman plot). The dif-
ferences between self-measured and objectively measured
WC ranged from 15.42 cm (overestimation) to −3.46 cm
(underestimation).
Compared with the older participants (47.9 ± 2.0 years),
the younger (39 ± 3.4 years) group overestimated WC
by more (5.5 ± 4.9 cm and 6.4 ± 4.6 cm, respectively)
(P = 0.018). Participants in the lowest educational levelFigure 1 Bland-Altman plot of the difference between self-measured
the mean. The solid line represents the mean difference between the obje
dashed lines represent the 95% confidence interval for agreement (15.42 togroup overestimated their WC significantly more than
the group with the highest education (6.6 ± 5 cm and
5.2 ± 4.6 cm, respectively) (P = 0.028).Discussion
In this study, we assessed the validity of self-measured
WC, and whether anthropometric, demographic and be-
havioural characteristics were associated with differences
between self-measured and objectively measured WC.
Overall, the vast majority of the individuals overesti-
mated their WC. We found that age and education level
were associated with a higher discrepancy between self-
measured and objective measured WC, with those who
where younger and less educated overestimating the most.
Self-measured WC was not found to be affected by other
variables such as gender, BMI, dietary behaviour, smoking
status, physical activity or sedentary behaviour.
In agreement with our findings, several previous studies
have reported an overestimation of WC [10,15,16,18,33,34],
but other studies have found an underestimation of self-
measured WC compared with objectively measured WC
[11-14,17,19,35,36]. Higher values of BMI [13,14,17] were
associated with a higher degree of underestimation, with
females underestimating more than males [17]. The in-
consistency of previous findings may be explained by the
heterogeneity of populations under study (for example,
children, older adults with heart failure). Interestingly, we
found an effect of educational attainment on WC overesti-
mation, which has not been reported previously.and objectively measured waist circumference plotted against
ctively and self-measured waist circumference (5.98 cm), and the
−3.46).
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on the effect of dietary, physical activity and sedentary
behaviours as a potential source of bias in WC self-
measurements. Understanding potential lifestyle-related
behavioural biases is important as these behaviours are
associated with an increased BMI and WC [37], which,
in turn, have been shown to bias self-measured WC
[13,14]. However, in the current study, no significant
overestimation of WC was found for those engaged in
unhealthy behaviours compared with those who had a
healthier lifestyle.
A potential limitation should be taken into account.
We only had objective WC measurements from those
who self-reported a WC above our pre-set threshold. As
a result, respondents who underestimated their self-
measured WC may have been missed in the analyses for
the current study, as they did not pass the initial scree-
ning step, and they could also have missed out on the
intervention.
Conclusion
In conclusion, we found a systematic overestimation of
WC in a Dutch adult population at risk of T2DM and/
or CVD. This overestimation was relatively higher in
those who were younger and those who had primary level
education or less. The present study supports the utilisa-
tion of self-measured WC for screening in preventive/
treatment programmes and epidemiological studies when
objective measurement is not feasible. This measure is
considered a useful and inexpensive clinical tool that can
easily be implemented to routine health assessments and
health promotion, and as inclusion criteria for epidemio-
logical studies. We would, however, advise using a slightly
lower cut-off score, considering the systematic overesti-
mation of self-reported WC.
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